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Abstract
Background—The comprehensive geriatric assessment (CGA) has developed as an important 
prognostic tool to risk stratify older adults and has recently been applied to the surgical field. In 
this systematic review, we examined the utility of CGA components as predictors of adverse 
outcomes among geriatric patients undergoing major oncologic surgery.
Materials and Methods—MEDLINE, Embase, and the Cochrane Library were searched for 
prospective studies examining the association of components of the CGA with specific outcomes 
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among geriatric patients undergoing elective oncologic surgery. Outcome parameters included 30-
day post-operative complications, mortality, and discharge to a non-home institution.
Results—The initial search identified 178 potentially relevant articles, with six studies meeting 
inclusion criteria. Deficiencies in instrumental activities of daily living (IADLs), ADLs, fatigue, 
cognition, frailty, and cognitive impairment were associated with increased post-operative 
complications. No CGA predictors were identified for post-operative mortality while frailty, 
deficiencies in IADLs, and depression predicted discharge to a non-home institution.
Conclusions—Across a variety of surgical oncologic populations and cancer types, components 
of the CGA appear to be predictive of post-operative complications and discharge to a non-home 
institution. These results argue for inclusion of focused geriatric assessments as part of routine 
pre-operative care in the geriatric surgical oncology population.
Keywords
cancer surgery; geriatric assessment; treatment outcome; survival; complication
1. INTRODUCTION
The growth of the elderly population in the United States parallels the proportional increase 
in geriatric surgical patients over the past decade. Aging affects a patient’s functional, 
physiologic and social wellbeing, and these challenges have profound impacts on treatment 
and care. Geriatric patients typically have a greater burden of comorbid medical conditions; 
however, these may incompletely represent the spectrum of physiologic age and 
vulnerability. The challenge of balancing these comorbidities with the need for surgery is 
compounded with the addition of a cancer diagnosis. Currently, the median age of cancer 
diagnosis (for all sites) is 66 years [1]. By 2030, the American Cancer Society predicts that 
the population over age 64 will increase to 20%, representing 70% of all prevalent cancers 
[1]. This suggests a growing need for risk stratification assessments that address geriatric 
cancer care, but innovative approaches have yet to enter into standard clinical practice.
There are currently a number of assessments used by geriatricians and primary care 
providers to measure older patients’ physiologic fitness. In geriatric clinics, a 
Comprehensive Geriatric Assessment (CGA) is often used to assess components of a 
patient’s physical, mental, and social wellbeing, providing a complete picture of the 
patient’s physiological age and capabilities regardless of chronologic age. A full CGA can 
take several hours to complete, and it includes standard assessments such as Activities of 
Daily Living, Geriatric Depression Score, and a timed “Get-Up and Go” test [2]. While 
useful, a CGA may not be feasible due to time constraints, especially in a busy surgical 
clinic [3].
Shorter, more efficient geriatric assessments can address these time constraints while 
adequately assessing surgical eligibility among geriatric cancer patients [4]. By analyzing 
different components of the CGA, investigators have sought to categorize patients as frail, 
moderately frail, or fit. Intuitively, frail patients will experience worse outcomes than those 
who are fit. However, for the intermediate (or moderately) frail, additional assessments 
could improve the decision making process regarding treatment. Studies examining the 
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predictive value of different screening tests have found relatively consistent benefits of 
using these assessments for general surgery as well as surgical oncology across different 
types of cancer [1,3,5–9].
Recognizing the need for synthesis of the burgeoning body of geriatric surgical oncology 
literature evaluating the potential utility of these assessments, we performed a systematic 
review of existing studies to assess which components of the CGA may be the most robust 
predictors of clinically relevant outcomes in this context. The results of this study will 
provide support and direction in developing new screening protocols and possibly identify 
actionable targets of the CGA for future pre-operative intervention studies to mitigate the 
risk of adverse outcomes.
2. MATERIALS AND METHODS
We aimed to identify prospective cohort studies including patients scheduled to undergo 
elective surgery for cancer treatment and investigated the association of components of the 
CGA and postoperative outcomes.
2.1. Eligibility Criteria
Types of participants—As variability exists in the age defining a geriatric patient, our 
review allowed inclusion of any study with patients 60 years and older undergoing elective 
surgery for cancer.
Types of observations—Any combination of CGA components were included, such as 
fitness assessment, mental/cognitive assessment, depression, nutrition, comorbidities, 
fatigue, and/or laboratory values.
Types of outcome measures—Primary outcomes −30-day post-surgical mortality, 
complications within 30 days, and discharge to an institution.
Secondary outcomes – Intermediate-term (90 day) all-cause mortality
2.2. Search Methods: Electronic searches
For this review, we identified relevant studies by conducting searches of MEDLINE via 
PubMed, Embase, and the Cochrane Library for articles published between 2000–2013. The 
following searches were performed on September 10, 2013. MEDLINE was searched using 
the following combination of search terms: “Aged”[MeSH Terms] AND (“Surgical 
Procedures, Operative”[majr] OR “Neoplasms/surgery”[majr] OR “Neoplasm metastasis”
[MeSH]) AND (“Geriatric assessment”[MeSH] OR “geriatric assessment”[tw]) AND 
(“Prospective studies”[MeSH] OR “Prospective”[tw] OR “prospectively”[tw] OR “Logistic 
Models”[MeSH]). Embase was searched using the following combination of search terms: 
‘cancer surgery’ OR ‘surgery’/exp OR surgery AND (‘geriatric assessment’/exp OR 
‘geriatric assessment’) AND (‘prediction’/exp OR prediction OR ‘prognosis’/exp OR 
prognosis OR ‘treatment outcome’/exp OR ‘treatment outcome’ OR ‘survival’/exp OR 
survival OR ‘complication’/exp OR ‘complication’) AND (‘prospective’ OR ‘prospective 
study’ OR ‘prospectively’). The Cochrane Library was searched using the search term 
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Neoplasms/Surgery. Additional relevant studies were identified through a manual search of 
the reference lists of relevant articles.
2.3. Selection of studies
As described briefly above, studies selected for inclusion in this review met the following 
criteria: prospective study design; a study population of geriatric patients who underwent 
elective surgical treatment for cancer; studies that used pre-surgical assessments containing 
components of the CGA as predictors of patient outcomes; measurements of at least one of 
the following outcomes: post-surgical complications, 30-day mortality, or discharge to an 
institution; published in English and a publication year between 2000 and 2013. Publications 
focusing on delirium as the primary post-surgical complication were excluded.
2.4. Data Collection and Quality Assessment
Titles and abstracts of all studies retrieved by the searches were assessed by MAF to 
determine which reports warranted further examination. MAF and DTM then screened the 
full text of all potentially relevant articles. Data regarding study design and results were 
independently extracted from the reports by both MAF, DTM. Data were then confirmed by 
ABS. Specific items extracted included type of study, study setting, study population, 
content of the CGA and assessment method, and outcomes in association with CGA 
components.
Methodologic quality of each study was independently assessed by MAF using a self-
designed quality assessment evaluating six criteria: prospective study, multiple institutions, 
clearly defined inclusion/exclusion criteria, use of validated questionnaires, presence of 
short- (30-day) and intermediate-term (90-day) follow-up, scored separately. Each criterion 
was scored as 0 if unmet or 1 if met, with the total quality score ranging from 0–6. 
Disagreements between MAF and DTM were discussed, and if persistent disagreement was 
noted, the third reviewer (ABS) provided the final opinion.
2.5. Data Items
The different components of CGA used in each study were identified, and results were 
recorded. CGA components were organized into separate categories including: cognition, 
mood, ADLs, IADLs, nutritional status, social support, comorbidity, polypharmacy, 
mobility/falls, frailty assessment, and laboratory values. If available, the odds ratios were 
recorded.
The three main outcomes of interest were post-surgical complications, 30-day mortality, and 
discharge to an institution. Other outcomes also recorded included length of stay, operative 
time, and readmissions, when available.
3. RESULTS
3.1. Characteristics of Included Studies
The literature search yielded 178 citations (84 from MEDLINE, 94 from Embase, and none 
from the Cochrane Library) (Figure 1). After screening abstracts, 45 potentially relevant 
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articles were selected for further examination, excluding non-English articles, those with 
abstracts alone, review articles, and duplicate citations. The remaining articles were further 
reviewed for inclusion criteria by reading the full text. After exclusion of 39 further studies 
due to failure to meet inclusion criteria (i.e. retrospective studies, non-cancer diagnoses, 
absent CGA components, non-operative treatment, and absence of primary outcomes), a 
total of 10 publications from 6 studies were included in this review.
Characteristics of the six included studies demonstrated a variety of components of the 
CGA, summarized in Table 1. The association between CGA with outcomes following 
surgery was evaluated in two thoracic oncology cohorts, three colorectal cancer cohorts, and 
one large cohort for solid tumors (including breast, gastrointestinal, and genitourinary). The 
most often-incorporated components of the CGA included assessments of mood, ADLs, 
nutrition and comorbidities, while the least-included components were social support, 
mobility, frailty (as a composite measure), and polypharmacy.
3.2. Methodological Quality
The selected studies were assessed for quality by examining six factors as described in the 
Methods (Table 2). All fully reviewed studies had a prospective cohort design with clearly 
defined inclusion and exclusion criteria [1,3,5,9–11]. Furthermore, all studies included 
validated questionnaires and data were collected prior to surgery. General demographic data, 
including age, gender, history, and medical illnesses were recorded on hospital admission [1, 
3,7]. Some studies used the Barthel index of ADL [1,5] while others used Katz index of 
ADL [3,7–9]. Cognitive status was most often measured using the Folstein mini mental 
status exam [1,3,5,6,9]. There was a range of differences in who conducted the preoperative 
interviews; some interviews were conducted by student doctors, research assistants, trained 
nurse practitioners, and medical doctors with or without training in geriatrics. [1,6,7,9]. 
Short-term follow-up (30 day post-operative complications and/or mortality) was assessed in 
all studies, with three additional studies including follow-up at 90 days [1,5,11]. Only three 
studies were conducted at multiple institutions [5,9,10].
3.3. Complications
Complications were assessed in all studies, but recorded in various ways. All studies 
reported major complications, but only three studies defined these using the standard 
Clavien-Dindo classification system [5,10,11]. The remaining studies either did not specify 
the definition of a major complication [3,9] or defined these using a pre-specified list [1]. 
Only three studies specified the manner of complication ascertainment, two by the principal 
investigator [1,11] and one by a nurse data manager [3].
CGA predictors of overall complications included IADL dependency [9], moderate to severe 
Brief Fatigue Inventory score [9], and worse frailty scores [5,10] (Table 3). CGA predictors 
of major complications included higher ASA score [9], decreased mini-mental state exam 
score [1], dependency of ADLs [1] and IADLs [3], worse geriatric depression score [3], and 
worse frailty scores [5,10]. Only one study showed no predictors of 90-day overall or major 
complications [11]. Notably, no study revealed age as a predictor of either overall or major 
complications. Additionally, comorbidity index was not found to be a significant predictor 
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of complications on univariable or multivariable analyses in those studies which included 
this in their preoperative assessment [1,5,9–11].
3.4. Post-Operative Mortality
Post-operative mortality was assessed in four of six studies (Table 3) [3,5,9,11]. No CGA 
components were found to be predictors of 30-day or 90-day mortality.
3.5. Discharge to a Non-Home Institution
The ability of CGA components to predict discharge to an institutional setting was assessed 
in two of six studies (Table 3) [3,11]. Deficiencies in IADLs (specifically shopping) and 
feelings of worthlessness predicted discharge to a non-home institution [3]. Eastern 
Cooperative Oncology Group (ECOG) status >2 was also a strong predictor of discharge to 
a skilled nursing facility in one study [11].
3.6. Other Outcomes
Other outcomes assessed included length of stay, operative time, and post-operative 
readmission. Deficiency in ADLs [9], nutritional deficiency [3,11], inability to feed or shop 
for oneself [3], and polypharmacy [11] were associated with longer length of stay. 
Readmissions were examined by two studies [5,11], one of which revealed worse frailty 
score as an independent predictor of post-operative readmission [5].
4. DISCUSSION
With the aging population, the burden of cancer in the elderly has increasing public health 
significance. For older adults presenting with solid tumors, recommended surgical therapies 
are often potentially substantial physiologic stressors, and there is significant heterogeneity 
in patients’ ability to tolerate and recover from these treatments. Building on the well-
established role of CGA as an adjunct to clinical care management from the gerontology 
literature, a number of investigators have explored the potential utility of abbreviated 
assessments incorporating elements of CGA as adjunctive pre-operative screening tools in 
the context of geriatric surgical oncology. Our systematic review seeks to synthesize this 
evidence, finding that specific components of the CGA, capturing elements outside the 
scope of standard clinical assessment, may predict post-surgical outcomes in the cancer 
setting. Importantly, our review also confirms that age alone was not an independent 
predictor of postoperative complications, highlighting the need for more granular functional 
assessment to optimize risk stratification in this patient population.
Despite heterogeneity in patient populations and surgical conditions, we found components 
of the CGA (such as IADLs, ADLs, cognition, and depression) to be consistently associated 
with adverse postoperative outcomes. These findings underscore the need for providers to 
consider the full spectrum of heterogeneity in the elderly population in order to determine 
the best course of treatment. The American College of Surgeons (ACS) recognizes the 
necessity for quality improvement in the surgical care of geriatric patients with the recent 
publication of guidelines for preoperative assessment in this population, including frailty 
assessment, and multiple components of the CGA (e.g. depression screening, nutritional 
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status, cognitive ability, and functional status) [12]. Recommendations vary based on the 
patient’s age (predominantly >65 years), type of surgery (i.e. minor vs. major), and other 
risk factors.
The most robust predictors of post-operative complications among the surgical oncology 
population included deficiencies in IADLs, depression, decreased cognition, and decreased 
frailty composite scores. These items are consistent with the recently published ACS 
checklist for optimal preoperative assessment of the geriatric surgical patient [12]. This 
checklist includes 13 items, which may not be feasible in a busy surgical practice (Table 4). 
Therefore, attention to these above-listed components of the CGA may be warranted. Other 
items included on this checklist were assessed in several surgical oncology studies, 
including nutrition and polypharmacy. While the selected studies did not find an association 
between these items and post-surgical complications, they were predictive of longer length 
of stay, and therefore may be useful in counseling patients and family regarding anticipated 
hospital course [3,11].
The ACS also emphasized determination of a baseline frailty score through use of a frailty 
assessment evaluating shrinkage (unintentional weight loss), weakness (decreased grip 
strength), exhaustion (self-reported poor energy), low physical activity, and slowness (slow 
walking) [6]. Only two of six studies from our systematic review included this item in their 
evaluation [5,10], but frailty was a strong predictor of postoperative complications in both, 
and a predictor of readmissions in one [5]. This suggests that a frailty assessment should be 
routinely employed in the preoperative assessment, as it is a quick and efficient evaluation 
with potential for risk stratification prior to surgery.
Additional factors included on the ACS checklist but not identified in our systematic review 
included social support, falls, and alcohol use. These items were not examined in the studies 
we reviewed, and therefore, their utility in the surgical oncology population remains 
unknown. Further research will be necessary to evaluate their utility and justify their use in a 
busy practice. Other limitations highlighted by our systematic review include a paucity of 
studies evaluating the prospective use of the CGA in the surgical oncology patient 
population. Most studies were conducted at single institutions, with limited definitions of 
post-operative complications. Furthermore, only a small subset of malignancies was 
examined (predominantly thoracic and colorectal cancer).
Clearly, this systematic review supports that further research is necessary to expand our 
knowledge of the components of CGA with greatest utility for risk stratification among 
various cancer sites. A better understanding of the juxtaposition of CGA and post-operative 
outcomes could assist with patient and provider decision-making, especially in the context 
of a growing geriatric population, in which weighing the benefits and risks of surgery is 
increasingly less straightforward. Based on evidence from this systematic review, geriatric 
surgical oncology patients could benefit from an assessment of IADLs, ADLs, depression, 
frailty, and nutrition. Additional studies are needed to determine a specific assessment 
protocol to standardize pre-surgical evaluation of geriatric patients. However, the abbreviate 
geriatric assessment developed by Hurria et al. covers these essential domains, chosen for 
their reliability, validity, brevity, and prognostic ability to determine risk for morbidity and 
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mortality in older patients. Furthermore, the assessment is brief, with 88% of patients in a 
multi-center trial of medical oncology patients able to complete the assessment within 22 
minutes.[13] For patients with deficiencies in one or more of these components, pre-
operative intervention in the form of preoperative physical therapy (i.e. “pre-hab”) or 
nutrition optimization to improve baseline deficiencies may be warranted. Geriatric patients 
should therefore be evaluated thoroughly, and physicians must understand and interpret the 
results of their assessments. If this cannot be accomplished in the surgical clinic, primary 
care physician or geriatrician referrals should be considered for further evaluation. As 
oncologic surgeons become increasingly aware of the utility of these assessments, patients 
may benefit greatly from their use through improved post-operative outcomes in this 
vulnerable population.
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Table 4
Checklist for Optimal Preoperative Assessment of the Geriatric Surgical Patient (adapted from Chow et al, J 
Am Coll Surg, 2012 [12])
Recommended Preoperative Assessments for Geriatric Surgical Patient
□ Cognitive Ability and Capacity to Understand Surgery
□ Depression Screen
□ Delirium Assessment
□ Alcohol or Substance Abuse Screen
□ Cardiac Evaluation
□ Pulmonary Risk Factor Assessment
□ Functional Status and Falls Assessment
□ Baseline Frailty Score
□ Nutritional Assessment & Intervention
□ Medication History & Evaluation for Polypharmacy
□ Patient Treatment Goals and Expectations
□ Family and Social Support Evaluation
□ Appropriate ordering of Diagnostic Tests
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